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Disclaimer 


This  report  was  prepared  for  the  Ontario  Ministry  of  the  Environment  as  part  of  the  Ministry's 
information  transfer  activities.  We  hope  that  the  report  will  provide  perspective  and  encourage 
discussion  in  a  rapidly  changing  technological  world.  The  views  and  ideas  expressed  in  this 
report  are  based  on  interpretations  of  various  referenced  authors  and  do  not  necessarily  reflect  the 
position  or  poUcies  of  the  Ministry  of  the  Environment,  nor  does  mention  of  trade  names  or 
commercial  products  constitute  endorsement  or  recommendation  for  use. 

Any  person  who  wished  to  republish  all  or  part  of  this  report  should  obtain  permission  to  do  so 
from  the  Environmental  Technology  Services  Section,  Industry  Conservation  Branch,  Ontario 
Ministry  of  the  Environment,  2  St.  Clair  Ave.  W.,  14*  Roor,  Toronto,  Ontario,  M4V  1L5. 
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Executive  Summary 

Some  types  of  radiant  waves  such  as  microwaves  can  be  used  to  heat  certain  non-metallic 
materials.  Microwaves  heat  the  body  of  a  material  unlike  conventional  heating  which  raises  the 
temperature  of  the  surface.  They  can  be  used  to  heat  most  materials  although  water  polar  solvents 
and  products  with  a  high  dielectric-loss  factor  can  be  heated  faster  than  others  (1). 

Electricity  is  converted  to  microwave  energy  using  inverters,  transformers  and  wave  generators 
called  magnetrons.  The  electronic  systems  are  usually  the  same  regardless  of  the  application, 
but  the  applicator  generally  must  be  designed  to  suit  the  parameters  of  the  process  and  the 
equipment  (2). 

The  benefits  of  radiant  heating  compared  to  conventional  heating  include  lower  energy  costs, 
reduced  floor  space  for  the  heating  equipment,  lower  exhaust  emissions,  lower  labour  costs, 
greater  productivity,  and  faster  heating,  improved  quality  and  reduced  processing  time  of  the 
product  (3). 


1.         Background 

Conventional  heating  acts  on  the  molecules  at  the  surface  of  the  material.  This  heat  is  then 
transferred  through  successive  layers  of  molecules  towards  the  centre  of  the  material  (4).  This 
means  that  the  surface  of  the  material  may  be  overheated  before  the  centre  reaches  the  desired 
temperature. 

Radiant  heating  uses  electromagnetic  waves  such  as  infrared,  ultraviolet,  radio-frequency  waves 
and  microwaves.  Radiant  heating  differs  from  conventional  heating  in  that  the  body  and  not  the 
surface  of  the  material  is  heated.  Radiant  energy  also  can  be  more  precisely  focused  and 
modulated  which  allows  the  location  and  quantity  of  heat  to  be  better  controlled.  This  results  in 
an  efficient  heating  process  which  can  be  used  in  certain  production  processes  to  save  energy, 
time  and  materials  (5). 

The  type  of  electomagnetic  wave  (Figure  1)  must  however  suit  the  application  beacause 
electromagnetic  waves  of  different  frequencies  (oscillations  per  second)  or  length  (which  is  the 
inverse  of  firequency)  will  penetrate  a  material  to  different  depths.  Using  the  correct  wave 
frequency  also  improves  the  efficiency  and  control  of  the  heating  process. 

Ultraviolet  waves  are  the  highest  frequency  electromagnetic  waves  and  they  do  not  penetrate 
deeply.  Infrared  waves  are  lower  in  fi-equency  and  they  can  penetrate  slightly  more.  These  types 
of  wave  are  described  in  more  detail  in  an  appendix. 


Figure  1  -  The  electromagnetic  spectrum  showing  the  location  of  industrial  microwave  and  radio-frequency  heating  regions. 


Microwaves  have  a  frequency  in  the  region  of  300  GHz  with  wavelengths  from  1  mm  to  1  metre. 
They  can  penetrate  materials  to  a  depth  of  a  few  centimetres.  Radio-frequency  waves  have 
frequencies  below  300  MHz  and  wavelengths  greater  than  1  metre.  Low  frequency  radiowaves 
can  penetrate  as  deep  as  one  metre  or  more. 


Microwaves  and  radiowaves  can  be  used  to  heat  some  non-metallic  materials.  The  temperature 
which  the  material  reaches  depends  on  the  type  of  material,  its  ability  to  absorb  energy  and  the 
power  level  of  the  generating  source  (6). 

Microwave  technologies  can  increase  energy  efficiency  and  productivity  and  improve  product 
quahty  in  many  manufacturing  processes.  Microwaves  can  replace  the  burning  of  fossil  fuels  to 
heat  process  equipment  and  thus  reduce  emissions  of  greenhouse  gases. 

These  benefits  have  prompted  microwaves  to  be  investigated  for  non-traditional  applications 
including  treating  ceramics  and  composites,  drying  pharmaceutical  capsules  and  thawing  logs 
(7).  Although  radiant  heating  has  been  available  for  over  40  years  however,  it  has  not  been 
widely  applied  in  Canadian  industry. 


2.         Dielectric  Heating 

Microwaves  and  radio-frequency  waves  cause  the  molecules  in  the  body  of  some  materials  to 
rotate  rapidly  in  alternative  directions.  This  movement  millions  of  times  each  second  creates 
friction  at  a  molecular  scale  which  generates  what  is  known  as  dielectric  heat. 

Only  materials  that  are  non-metallic  and  which  are  poor  insulators  or  conductors  of  electricity 
wUl  respond  to  dielectric  heating.  A  good  conductor  such  as  copper  or  a  good  insulator  such  as 
air  will  not  be  heated  (8). 

Dielectric  heating  is  a  direct  and  efficient  way  to  heat  responsive  materials.  Such  materials  often 
also  are  poor  thermal  conductors  and  they  may  be  bulky  and/or  particulate  which  makes  them 
diificult  to  heat  by  conventional  methods.  Dielectric  heat  is  generated  within  the  material  which 
means  there  is  little  or  no  need  to  transfer  energy  by  conductance,  convection  or  mechanical 
work.  The  heat  also  can  be  uniformly  applied  exactly  when  and  where  it  is  needed  (8). 

A  dielectric  heating  system  has  two  main  components,  which  wUl  differ  between  microwaves 
and  radio  frequency  wave  systems: 

♦  a  generator  used  to  convert  electricity  of  60  Hz  frequency  to  the  required 
operating  wave  frequency 

♦  an  applicator  to  apply  the  energy  to  the  material. 

Radiowaves  and  microwaves  differ  in  their  frequency  and  wavelength,  but  they  heat  dielectric 
materials  the  same  way.  The  particular  wavelength  to  be  used  in  an  application  must  however  be 
carefully  chosen  to  assure  optimum  technical  and  economic  results.  Considerations  include: 

♦  dielectric  loss  factor  of  the  material 

♦  receptivity  of  compounding  ingredients 

♦  shape  and  dimensions  of  the  material  to  be  heated 

♦  required  penetration  of  the  energy  into  the  material 

♦  available  space 

♦  cost 

♦  availability  of  equipment. 

There  are  three  ways  in  a  confined  area  to  apply  and  distribute  the  waves: 

♦  standing  wave  mode  which  concentrates  the  energy  onto  a  small  area 

♦  multimode  in  which  the  microwaves  hit  the  material  from  all  directions 

♦  travelling  wave  mode  where  the  microwaves  are  directed  down  a  conveyor. 


2.1        Microwaves 

The  properties  of  the  material  being  heated  and  the  microwave  system  and  the  relationship 
between  them  must  be  considered  when  developing  an  appropriate  product  processing  system. 
These  properties  include  (9): 

System  Parameters 

microwave  power  output/rate  of  heating 
frequency  of  the  microwave  system 
use  of  auxiliary  heat  forms 
distribution  of  the  microwave  field 
movement  of  the  product  through  the  field. 

Product  Parameters 

viscosity  changes  with  temperature 

balancing  specific  heats  of  multi-component  systems 

water  activity 

shape,  size  and  geometry  of  the  product 

formulation  changes  and  moisture  content. 

Frequency 

Industrial  microwave  heating  equipment  could  interfere  with  radio  communication, 
control  and  measuring  devices.  The  Federal  Department  of  Transportation  and 
Communications  thus  regulates  the  frequencies  that  may  be  used  and  establishes 
tolerances  for  microwave  systems.  The  microwave  frequencies  which  may  be  used  in 
industrial  applications  are  915  MHz  and  2450  MHz.  Every  material  has  an  optimum 
frequency  at  which  heating  by  microwaves  is  most  effective.  The  closer  of  the  two 
permitted  frequencies  to  this  optimum  generally  is  used. 

Most  current  appUcations  of  microwaves  are  in  the  food,  rubber  and  metal  fabrication  industries. 


2.2       Radio  Frequency  Waves 

Triode  oscillators  normally  are  used  to  generate  radio  fi-equency  energy  waves  for  industrial  use. 
Applicators  take  the  form  of  parallel  plate  for  thick  materials,  stray  field  for  thin  materials  and 
staggered  stray  field  for  materials  of  medium  thickness.  The  energy  can  be  precisely  appHed  to 
the  material  using  electronic  controls. 

Radiowaves  are  more  commonly  associated  with  the  textiles,  plastics,  wood  and  paper  product 
industries. 


3.         Microwave  Systems 

All  microwave  heating  systems  consist  of  a  tube  to  produce  microwave  energy,  an  applicator  to 
transfer  the  radiation  to  the  material,  a  handling  system  to  introduce  the  material  into  the  heating 
region,  controls  and  shielding.  The  efficiency  of  a  microwave  generating  system  is  generally 
about  50  per  cent  (9). 


3.1        Microwave  Tubes 

The  three  types  of  available  tubes  to  generate  microwaves  are  magnetrons,  amplitrons  and 
klystrons.  Magnetrons  are  the  most  common  in  industry.  They  range  in  size  from  6kW  for  2450 
MHz  tubes  to  between  25  kW  and  60kW  for  915  MHz  tubes.  Small  2450  MHz  magnetrons 
usually  last  more  than  4.000  hours  and  their  efficiency  varies  from  55  to  75  per  cent.  The  larger 
915  MHz  are  80  per  cent  efficient  and  have  a  service  life  between  6,000  and  8,000  hours  (9). 

Klystrons  last  longer  than  magnetrons,  but  they  are  more  expensive  and  complicated  to  use. 
Klystrons  are  an  attractive  choice  at  power  levels  above  50  kW  where  a  single  high-powered  tube 
can  replace  a  group  of  magnetrons. 


3.2       Applicators 

The  simplest  form  of  applicator  is  the  conventional  cavit}'  oven  into  which  the  product  to  be 
heated  is  placed.  The  applicator  directs  the  microwaves  to  the  load  in  the  treatment  chamber 
either  directly  or  by  reflection  from  the  chamber's  metal  walls.  Most  efficient  operation  is 
achieved  when  the  load  is  properly  coupled  to  the  system  and  is  able  to  absorb  the  fuU  output  of 
the  microwave  source.  A  circulator  is  placed  on  the  generator  to  protect  the  tube  if  no  load  is  in 
the  chamber.  This  stops  excessive  reflected  microwaves  from  damaging  the  tube. 

A  wide  variety  of  applicators  exist  for  industrial  microwave  uses.  These  include: 

♦  single  mode  cavities 

♦  folded  waveguides 

♦  short-wave  structures 

♦  multi-mode  ca\ities  (batch  or  continuous). 

The  multi-mode  cavity  is  the  most  common  type  and  it  is  well  suited  to  heat  bulk  products. 
Special  configuration  of  waveguides  have  been  designed  to  efficiently  couple  the  microwave 
source  to  other  shapes  of  products  such  as  thin  sheets.  It  is  critical  to  match  the  design  of  the 
applicator  to  the  shape  of  the  load  and  its  abUity  to  absorb  microwaves  to  ensure  rapid,  uniform 
and  efficient  heating. 


3.3       Handling  Systems 

Microwave  equipment  may  be  either  continuous  or  batch  type. 
Batch  type 

In  batch  equipment,  the  load  is  placed  in  a  metal  chamber  known  as  a  multi-mode  cavity  which 
confines  the  microwave  radiation.  Microwave  power  is  supplied  by  a  self-contained  source  that 
contains  a  magnetron  tube,  transformer,  relays  and  controls.  The  microwaves  are  directed  to  the 
applicator  by  a  waveguide.  The  load  is  removed  fi-om  the  chamber  after  it  is  heated. 

Continuous  Type 

Continuous  microwave  equipment  is  more  popular  in  industry.  A  conveyor  is  used  to  move  the 
product  through  a  microwave  field.  Special  care  is  taken  to  design  chokes  at  the  conveyor  inlet 
and  outlet  to  ensure  that  microwaves  do  not  escape  into  the  workroom.  Several  sources  of 
microwaves  typically  are  used  to  supply  the  energy  to  the  load  and  to  achieve  uniform  heating. 

A  forced  air  system  might  also  be  added  to  remove  moisture  from  the  chamber  when  the 
microwaves  are  being  used  to  dry  a  material. 

4.         Technology'  Development 

Ontario  Hydro  Technology  maintains  an  applied  research  section  that  works  extensively  with 
industry'  to  evaluate  ways  to  use  microwave  technology  to  improve  process  operations. 
Companies  can  bring  samples  of  products  to  test  chambers  to  determine  the  effect  of  varying 
frequencies  and  powers  of  microwave  or  infrared  radiation  on  rates  of  heating  and  heating/drying 
qualities.  Ontario  Hydro  Technologies  also  has  developed  an  innovative  microwave  system  to 
regenerate  activated  carbon  in  the  gold  refining  industry  (10). 

The  National  Research  Council  of  Canada  has  been  involved  in  research  and  development  of 
microwave  applications  for  nearly  25  years.  The  council  has  worked  with  industries  to  develop 
innovative  applications  such  as  drying  films,  heating  blood  plasma  and  melting  ground  frost  to 
lay  cables  and  pipes.  They  also  have  designed  systems  to  seal  corrugated  cartons,  heat  and 
sterilize  seeds,  grains  and  nuts  and  dry  inks  on  high-resolution  graphics. 

Environment  Canada  has  developed  a  microwave  system  to  extract  chemicals  and  flavours  from 
seeds  and  other  plant  materials.  The  vegetable  material  is  first  mixed  to  a  slurry  with  a  solvent 
such  as  hexane  or  ethanol  which  itself  does  not  absorb  radiation.  Heat  is  then  applied  by  a 
microwave  to  break  the  plant  cells  and  release  the  flavour  to  the  solvent.  This  can  be  achieved  at 
a  very  low  temperature.  The  quality  of  the  product  is  improved  and  the  amount  of  solvent 
needed  should  be  greatly  reduced. 


Dr.  J.R.  Pare  of  Environment  Canada  has  developed  the  Microwave- Assisted  Process  to  extract 
products  from  biological  material.  The  method  uses  only  a  small  amount  of  solvent  and  much 
less  energy  than  other  methods  (11).  The  contaminated  soil  is  mixed  with  a  solvent,  which  is 
either  fully  or  partially  transparent  to  microwave  radiation,  and  the  mixture  is  heated  with 
microwave  energy.  The  transparency  of  the  solvent  ensures  that  only  the  contaminant  is  heated 
and  not  the  complete  mixture.  Finally  the  contaminated  solvent  is  separated  from  the  soil.  An 
advantage  is  that  the  soil  is  not  sterilized  which  occurs  with  other  thermal  treatment  methods. 

ORTECH  International  in  Mississauga,  Ontario,  also  is  involved  in  evaluating  industrial 
appUcations  for  microwave  technology.  The  private  sector  in  Ontario  likewise  has  undertaken 
considerable  development  work  in  a  number  of  areas,  including  (12): 

lamination 

ceramics 

pharmaceuticals 

coatings 

food  processes 

thawing  Logs 

lumber  drying 

tire  depolymerization 

microwave  sterilization. 

The  ceramics  industry  has  been  particularly  interested  in  using  microwave  energy  to  treat 
ceramics  and  composite  materials.  This  work  has  mainly  been  in  the  automotive  and  aerospace 
area,  but  also  has  included  white  ware  ceramics  (13.14). 

Kai  Technologies  Inc.  of  Portsmouth,  New  Hampshire,  is  testing  a  radio  frequency  system  to 
remove  solvents  from  contaminated  soil  without  removing  it  from  the  ground.  In  tests  at  the 
Savannah  River  site  of  the  Department  of  Energy,  significant  quantities  of  solvent  were 
vapourized  using  horizontal  electrodes  buried  in  the  ground. 

Glade  Technologies  Inc.  in  British  Columbia  has  developed  a  system  which  uses  radio  frequency 
waves  in  a  vacuum  dryer  kiln  to  dry  square  softwood  timber  shapes.  The  system  was  shown  to 
reduce  the  cost  of  drying  the  timber  by  25  per  cent  in  a  demonstration  project  supported  by 
Natural  Resources  Canada  and  the  Canadian  Electrical  Association. 

Dupont  Inc  is  developing  a  system  which  uses  microwave  energy  to  dry  pellets  of  agricultural 
chemicals  such  as  pesticides.    In  the  conventional  process,  the  active  ingredients  are  mixed  with 
fillers  and  other  components,  pelletized  and  dried  in  some  form  of  fluidized  bed  system. 
However  high  temperature  cannot  be  used  because  most  of  the  active  ingredients  break  down  at 
temperatures  above  190  °F.  The  microwave  system  allows  the  pellets  to  be  dried  to  less  than  one 
per  cent  moisture  a  low  temperature.  This  is  an  alternative  to  more  expensive  systems  such  as 
vacuum  dr\ing. 


A  producer  of  fat-free  potato  chips  has  patented  a  system  that  uses  microwaves  and  no  oU  to 
make  potato  chips  that  resemble  a  fried  chip. 

Microwave  energy  can  be  used  to  cut  the  time  needed  to  pre-dry  ceramic  filters  that  are  used  in 
smelting  processes.  The  microwave  energy  penetrates  the  material  and  forces  the  moisture  to  the 
surface.  The  filters  can  be  dried  in  minutes  instead  of  hours  and  less  energy  is  needed  (15). 

ABB  developed  a  microwave  system  to  disinfect  biomedical  waste  so  that  it  can  be  sent  to 
landfill.  The  company  has  sold  about  20  units  including  one  which  has  been  successfully 
operated  at  Toronto  Western  Hospital  (16). 

Researchers  at  Oak  Ridge  Nation  Laboratory  (ORNL)  have  developed  a  flow-through  microwave 
processing  system  that  wiU  make  microwave  technologies  easier  to  use  in  industry.  The  system 
allows  power  to  be  appMed  uniformly  while  maintaining  an  efficient,  low-reflection  match 
between  the  generator  and  load.  This  solves  a  particular  problem  in  applying  microwaves  to 
industrial  processes  (17). 


5.         Applications 

A  study  commissioned  by  Ontario  Hydro  identified  393  potential  applications  of  electro 
technology  in  over  100  industries  in  Ontario  (18).  Eighty  three  applications  involved  infra-red 
heating  while  50  involved  dielectric  heating  (Table  1). 


INDUSTRY 

INFRARED 

DIELECTRIC 

Mining 

2 

. 

JFood 

8 

8 

Beverage 
Tobacco  Product* 

4 

2 

4 

2 

Rubber  Product* 

3 

3 

Plastic  Products 

4 

4 

Pr'imaiy  Textiles 
Textile  Prodocts 

3 
4 

1 

Cfothiiig  Industries 

3 

- 

Wood  Industries 

3 

- 

Paper  and  Allied  Products 
Primary  Metals 

4 

2 

- 

Fabricated  Metals 

9 

4 

Nfachinery  Indtistries 
Transportation  Industries 
Electrical  and  Electronics 

3 
7 
9 

3 
6 
8 

Non-Metalhc  Mineral  Products 

4 

1 

Refined  Peudeum  Coal  Produas 

1 

- 

Chemical  and  Cbemical  Product* 

8 

6 

The  applications  of  microwave  heating  include: 


tempering  and  thawing  frozen  food  products 

dr>ing  and  cooking  food 

drying  agricultural  products 

drying  water-based  adhesives 

curing  foundry  sand  cores 

preheating  and  vulcanizing  rubber 

drying  pharmaceutical  products. 


The  four  major  industrial  applications  of  radio  frequency  equipment  are: 

♦  removing  moisture  (drying  and  baking) 

♦  welding  plastic 

♦  glueing  wood 

♦  preheating  plastics. 

An  estimated  1.2  MW  of  industrial  microwave  power  presently  is  installed  in  Canada.  The 
principal  uses  include  the  processing  of  rubber  and  food.  A  further  2  MW  of  installed  radio- 
frequency  wave  equipment  is  used  primarily  within  the  plastics  and  wood  products  sectors  while 
3.5  MW  of  infra-red  systems  are  used  mainly  in  the  wood  and  paper  products  industries  (3). 

Microwave  energy  is  used  in  commercial  food  processes  such  as  tempering,  cooking, 
pasteurization  and  atmospheric  drying.  Microwave  vacuum  drving  currently  is  used  to  produce 
instant  soluble  fruit  and  vegetable  powders.  Sterilization  of  food  in  sealed  containers  with 
microwaves  also  is  an  emerging  technology. 


6.         Benefits 

Applications  of  dielectric  heating  and  drying  offer  many  advantages  over  conventional  heating 
systems,  including: 


reduced  energy  costs 
increased  productivity 
improved  product  quahty 
lower  emissions 
less  scrap  material 
reduced  floor  space 
lower  labour  costs. 


Microwave  heating  confers  significant  benefits  over  conventional  heating.  The  effectiveness  of 
radiant  heating  (the  amount  of  heat  delivered  to  the  product  relative  to  the  energy  used  by  the 
heater)  generally  ranges  from  50  to  60  per  cent.  The  best  alternative  is  natural  gas-fired 
convection  heating  which  has  an  effectiveness  of  only  10  to  25  per  cent. 

Some  processes  such  as  rubber  curing  and  sand  core  drying  are  particularly  suited  to  heating  by 
radiant  waves.  Large  ovens  which  take  time  and  energy  to  start  commonly  are  used  in  these 
applications.  Curing  rubber  with  gas-fired  heating  uses  7  MJ  per  kg  of  product  (3,000  Btu/lb) 
whereas  microwave  heating  needs  only  1.4  MJ/kg  (600  Btu/lb)  (8). 

Microwave  and  radio  frequency  heating  generally  also  offer  better  control  over  the  quality  and 
rate  of  production. 


7.         Economics 

Microwave  technology  costs  25  to  35  per  cent  less  to  install  than  conventional  heating 
equipment.  Microwaves  also  use  significantly  less  energy,  but  this  generally  represents  only  half 
the  money  which  an  operator  can  expect  to  save. 

Microwave  systems  also  need  less  floor  space  which  can  cut  an  industry's  cost  of  production. 
They  can  also  make  an  industry  more  efficient  and  productive  such  as  by  reducing  the  drying 
time  of  products. 

Repair  and  maintenance  costs  for  microwave  systems  however  tend  to  be  high.  A  magnetron 
may  have  to  be  replaced  after  6,000  hours  of  operation.  Maintenance  costs  tend  to  be  20  to  30 
per  cent  more  for  microwave  systems  becaue  they  require  highly  skilled  technicians  to  service 
them. 

When  all  factors  are  considered,  a  microwave  processing  system  costs  25  to  35  per  cent  less  to 
install  than  conventional  technology  and  reduces  the  costs  of  production  by  10  per  cent  when 
measured  over  a  period  often  years  (5).  Some  industries  could  expect  to  save  as  much  as  35  per 
cent. 


7.1        Case  Study:  Pasta  Drying 

Dielectric  heating  is  used  widely  in  the  food  industry  particularly  to  dry  pasta.  Conventional 
drying  of  pasta  is  a  slow  process  because  the  surface  temperature  of  the  product  must  be  kept  low 
to  prevent  it  becoming  too  dry  and  cracking. 
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Microwave  heating  can  be  combined  with  convective  heating  to  dry  pasta  more  energy 
efficiently.  Conventional  convective  dryers  with  their  fans  and  conveyors  use  about  40  per  cent 
more  electricty  than  microwave/convective  systems.  The  direct  thermal  demand  of  the 
microwave  system  is  also  23  per  cent  less.  The  microwave  process  overall  uses  about  1/3  less 
energy  (19). 

The  energy  saved  is  not  the  only  benefit  of  a  microwave  system.  A  coupled  microwave/ 
convective  system  reduces  the  drying  time  for  pasta  from  8  hours  to  1.5  hours.  This  means  that  a 
plant  which  conventionally  operates  aimually  for  5000  hours  can  produce  for  an  additional  300 
hours  if  it  uses  a  microwave  drying  system. 

A  typical  microwave  dryer  system  also  is  smaller,  needs  less  floor  space  and  is  quicker  to  install 
than  a  convective  dryer.  A  microwave  system  however  is  more  expensive  than  a  conventional 
system.  The  base  cost  for  the  microwave  system  is  about  $500,000  compared  to  between 
$400,000  and  $450,000  for  a  conventional  system. 


8.         Impediments 

Microwaves  have  been  commercially  available  for  industrial  heating  and  dr\"ing  for  about  30 
years.  Despite  its  advantages,  many  industries  have  been  slow  to  adopt  microwave  technology. 
Ninety  per  cent  of  the  estimated  1000  to  1500  units  used  worldwide  are  devoted  to  only  three 
uses:  meat  tempering,  bacon  cooking  or  rubber  vulcanizing. 

The  most  likely  reason  for  this  is  that  microwave  equipment  suppliers  often  do  not  understand 
the  food,  paper,  chemical  and  other  industries.  Industry'  however  often  does  not  understand  the 
advantages  and  limitations  of  radiant  heating  and  the  nature  of  the  technology.  This  lack  of 
common  understanding  has  resulted  in  a  number  of  less  than  successful  demonstration  projects. 

Many  processing  operations  often  also  are  based  on  traditional  methodologies  and  innovative 
alternatives  are  often  viewed  with  scepticism. 

Generally  the  three  factors  which  have  limited  the  commercialization  of  microwaves  in  Ontario 
are: 

♦  unfamiliarity  with  the  technology 

♦  relatively  high  cost  of  equipment 

♦  relativelv  low  cost  of  fossil  fuel. 
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8.1       Regulatory 

Some  concerns  persist  about  the  safety  of  electromagnetic  radiation  despite  regulations  that 
protect  against  leakages  of  radiation  from  treatment  chambers.  The  occupational  exposure 
standard  in  the  10  to  1,000  MHz  frequency  range  is  ImW/cm^,  whereas  exposure  standards  in  the 
0.01  to  300  GHz  range  for  the  general  public  are  restricted  to  ImW/cm^. 


8.2  Technical 

Some  of  the  technical  impediments  to  using  microwave  heating  are  the: 

♦  lack  of  information  on  the  potential  application  and  economic  benefits 

♦  lack  of  equipment  manufacturers  in  Canada  which  means  industry  must  use  more 
expensive  imported  equipment 

♦  lack  of  sufficient  demonstration  facilities  in  Ontario  to  build  user  confidence  in 
equipment 

♦  need  for  shielding  at  the  entry  and  exit  of  the  microwave  chamber  which  makes 
continuous  process  applications  such  as  the  drying  of  materials  in  strip  form 
difficult. 

Some  materials  also  may  not  be  suitable  for  microwave  drying  because  of  their  shape  and 
complex  geometry. 

8.3  Economic 

The  large  initial  capital  outlay  for  microwave  technology  may  be  a  barrier  for  many  companies. 
Industry  usually  demands  short  payback  periods  for  new  equipment  and  even  though  operating 
costs  will  be  reduced,  the  payback  period  for  microwave  equipment  is  still  a  number  of  years. 

9.         Outlook 

Microwave  technology  is  superior  to  conventional  heating  in  terms  of  production,  product  quality 
and  energy  efficiency.  The  technology  is  commercially  available  and  impediments  to  its  wider 
apphcation  in  Ontario  are  generally  common  to  most  new  technologies.  The  microwave  testing 
facilities  of  Ontario  Hydro  Technologies  can  be  used  to  minimize  many  other  technical 
impediments. 
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Appendix 


Infrared  Waves 

Infrared  (IR)  energy  consists  of  wavelengths  between  1  to  400  microns  which  are  almost 
completely  absorbed  near  the  surface  of  a  material.  This  property  makes  IR  ideal  for  certain 
drying  and  curing  applications. 

Sources  of  IR  energy  called  emitters  can  take  a  number  of  forms  depending  on  the  required 
wavelength.  As  the  temperature  of  the  source  is  increased,  more  energy  is  provided  at  shorter 
wavelengths. 

Devices  that  generate  short  infrared  wavelengths  include: 

♦  reflector  heat  lamps 

♦  IRguns 

♦  tubular  quartz  emitters. 

Flat  quartz  emitters  generate  medium  infrared  wavelengths  while  ceramic  emitters  generate  long 
infrared  wavelengths.  The  selection  of  an  IR  emitter  for  a  particular  application  depends  on 
factors  including: 

♦  absorption  characteristics  of  the  material 

♦  distance  between  the  emitter  and  the  product 

♦  time  required  to  heat  the  product 

♦  power  intensity. 

Infrared  heating  is  becoming  a  popular  alternative  to  conventional  air-convection  heating  for 
industry.  Infrared  heating  units  operate  on  natural  gas  or  electricity  and  their  heat  output  can  be 
precisely  controlled  and  effectively  directed  at  the  product  being  heated.  This  results  in  greater 
energy  efficiency,  enhanced  product  quality  and  increased  rates  of  production  compared  to 
conventional  heating  processes. 

Infrared  heating  cannot  always  perform  a  complete  drying  cycle  although  generally  IR  gives 
better  pre-drying  than  conventional  equipment.  Manufacturers  will  therefore  often  provide  units 
that  combine  convection  and  IR  heating. 

An  advantage  of  IR  heaters  is  that  they  can  be  placed  out  in  the  open  plant  environment.  This  is 
not  possible  with  onvection  ovens  or  microwave  ovens  and  it  adds  greater  flexibility  to  assembly 
line  operations.  Infrared  heaters  take  up  about  one-quarter  of  the  space  of  convection  ovens  and 
they  can  be  quickly  started  or  shut  down. 

Infrared  energy  also  is  used  for  space  heating.  This  is  a  very  efficient  process  because  only 
objects  or  people  are  heated  and  not  the  surrounding  environment. 
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Infrared  processes  have  been  predominantly  applied  to  the  drying  of  water-based  and  solvent- 
based  inks  and  paints  used  as  surface  coatings.  Other  applications  of  IR  heating  include: 

♦  heating  sheets  or  moving  webs  of  material 

♦  removing  surface  water  from  thin  materials  such  as  fabrics  and  paper. 


Ultraviolet  Waves 

Ultraviolet  (UV)  radiation  is  produced  by  ionizing  gases  in  an  electric  arc  or  discharge.  Mercury 
vapour  and  zenon  are  the  most  common  gases  and  the  discharge  may  be  produced  either  by 
creating  an  arc  between  electrodes  or  by  placing  the  tube  containing  the  gas  in  a  microwave  field. 

The  principal  application  for  UV  radiation  is  in  the  curing  of  coatings  where  a  chemical  reaction 
in  the  coating  material  creates  a  hard  and  impervious  surface 

Ultraviolet  curing  has  been  commercialized  for  a  variety  of  industrial  products,  including: 

wood  products 
plastics 
electronics 
paper  products 
metal  decorating. 

The  advantages  of  UV  curing  include  fast  drying  of  coatings  and  the  suitabihty  to  heat  sensitive 
materials. 
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